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Abstract
Background: Studies have shown oxidative DNA damage is associated with male
infertility.
Objective: This study determines the levels of 8-hydroxy-2’-deoxyguanosine (8-OHdG)
and somemarkers of oxidative stress in seminal fluid of males investigated for infertility
and men of proven fertility in Benin City, Nigeria.
Materials and Methods: Semen samples produced by self or assisted masturbation
were analyzed by microscopic technique according to the World Health Organization
guidelines. Thereafter, samples were centrifuged and seminal fluid plasma separated
and stored at -20°C prior to assay for 8-OHdG and oxidative stress biomarkers. Based
on the sperm concentration/count, the overall samples were grouped into the following
categories: normospermia (n = 20), oligozoospermia (n = 30), and azoospermia (n = 20).
The control group comprised of 30 age-matched males of proven fertility. The seminal
fluid 8-OHdG, total antioxidant status, superoxide dismutase and malondialdehyde
(MDA) were assayed through ELISA and spectrophotometric methods, respectively.
Results: Seminal plasma level of 8-OHdG and MDA were significantly higher (p = 0.01)
in infertile subjects than controls. The mean levels of 8-OHdG and MDA in infertile
subjects were higher in azoospermia than oligospermia than normospermia and so,
was least in the normospermia. Conversely, the mean levels of total antioxidant status
and superoxide dismutase were significantly lower (p = 0.01) in infertile than fertile the
control male subjects with levels higher in normospermia than oligospermia and least
in azoospermia. Moreover, the seminal 8-OHdG correlated negatively with sperm count
(r = -0.359, p = 0.01), percent motility (r = -0.388, p = 0.04), and percent morphology (r =
-0.327, p = 0.02).
Conclusion: The assessment of spermDNA damage in addition to routine seminal fluid
analysis may play an important role in specific diagnosis and management of male
infertility.
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1. Introduction
Very few studies in Nigeria have investigated
the role of sperm nuclear DNA integrity among
infertile males. It has been suggested that sperm
DNA integrity may be a potential predictor of male
fertility and/or may serve as an adjunct to routine
semen analysis. It has also been reported that
somemenwhowere unable to achieve pregnancy
had sperm concentrations within normal range
(1). Some have suggested that sperm of infertile
men contain more DNA damage than fertile men
and as such may have negative effects on fertility
potential of these individuals (2, 3).
Male infertility is present in approximately half of
all infertile couples. Currently, the routine analysis
of male infertility includes aphysical examination
and semen evaluation for sperm concentration,
morphology, seminal volume, motility, and pH
(4). Although, about 15% of patients with male
factor infertility have been reported to have normal
semen analysis (5), a conclusive and definitive
diagnosis of male factor infertility can only be
made through a routine semen analysis (4).
Most laboratories in our setting currently rely
on microscopic examination of semen in the
diagnosis and management of the male infertility.
This baseline microscopic semen analysis
may not sufficient to detect the cause (s) since
the etiology of male infertility is multifactorial.
The etiologies of male infertility could be
anatomic defects, hormonal abnormalities,
immune disorders, gene mutation, radiation,
chemotherapy, ejaculatory failures, and
environmental toxicants (6). In some cases,
the identification of the exact cause (s) of male
infertility may not be obvious and the established
processes that led to the poor semen quality
remain unclear (7). A standard semen analysis
using a light microscope has been widely used in
most laboratories for the initial assessment ofmale
fertility potential; however, detecting defective
sperm function by standard semen analysis is
problematic because the spermatozoon is a
highly specialized cell that exhibits manifold array
of biological properties to achieve fertilization.
In addition, results of standard semen analyses
are selfhood or internal and subject to intra- and
inter-observer variability (8). An individual’s semen
quality may differ due to several determinats such
as days of abstinence from ejaculation, febrile
illness, stress, and even problems with sample
collection.
Oxidative stress is an important factor that
can shape fertility potential, and high seminal
reactive oxygen species (ROS) can cause sperm
malfunction via lipid peroxidation of the sperm
membrane. Therefore, low levels of ROS couple
with low antioxidant defense can lead to redox
imbalance, abnormal sperm motility, morphology,
and sperm DNA damage. This is particularly
because spermatozoa contain large amount of
polyunsaturated fatty acids in their membranes.
These make sperm cells to be susceptible to
lipid peroxidation, loss of membrane integrity,
reduced sperm motility, structural DNA damage,
and apoptosis (9-14). The various spermatozoa
abnormalities associated with infertility have been
described (9, 15). There is a paucity of information
on the association of oxidative stress with sperm
DNA in infertile males in our setting. In addition,
the lack of agreement onwhich infertile conditions
should be evaluated for oxidative stress or which
test should be conducted necessitated this study.
The sperm DNA damage is an essential indicator
of fertility potential often caused by oxidative
stress, however, none of these is evaluated
routinely in our setting. This study specifically
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focuses on investigating the extent of oxidative
sperm DNA damage and to correlate sperm
DNA damage with seminal fluid indices of men
investigated for infertility.
2. Materials and Methods
2.1. Study design
This cross-sectional study investigated 70
male subjects, aged 25-45 yr, for infertility
between April and September, 2018. Of the 70
participants who met the inclusion criteria, 20
were normospermia, 30 oligozoospermia, and
20 azoospermia. They were included in the
study because their partners were unable to
conceive after one or more years of unprotected
intercourse. On the other hand, the control group
comprised of males without chronic clinical
illnesses and those who had had their baby within
the last one year.
2.2. Inclusion criteria
All male subjects aged 25-45 years evaluated
for infertility and consented to be enrolled without
physical abnormalities or chronic illnesses were
included in the study. Subjects without chronic
clinical illnesses and those who had had their
babies within the last one year and whose seminal
fluid analysis showed over 15 million sperm
cells/ml semen according to the World Health
Organization (WHO) criteria were included and
used as controls.
2.3. Exclusion criteria
Individuals with known pathological or
congenital conditions such as hypertension,
diabetes mellitus, sexually transmitted diseases,
testicular varicocele, and genital warts were
excluded. In addition, individuals currently on
antioxidant supplementation, smokers, alcoholics
and those with known endocrine disease and
physical abnormality were also excluded from the
study.
2.4. Sample collection
Semen samples were collected in a sterile
container by self or assisted masturbation after
at least 72 hr of sexual abstinence (without the
use of spermicidal lubricants). The specimens
were delivered to the laboratory within 30 min
of ejaculation. Two specimens were collected
at different visits within two months for analysis
and mean value of the determinations was used.
This is because spermatozoa are specialized
cells that exhibit a diverse array of biological
characteristics. The semen analyses results could
be subjective and prone to intra and inter
observer variability. Also, sperm quality of an
individual can vary widely due to the duration of
abstinence from coitus, febrile illness stress, and
method of specimen collection. The sample size
was calculated using sample size determination
formula in health studies and the prevalence of
93% abnormal sperm parameters in all subjects
visiting gynecological clinic (16).
2.5. Sample preparation and
laboratory analysis
2.5.1. Routine semen analysis
After liquefaction, the semen specimens
were assessed for volume, appearance, pH,
and viscosity. Routine semen analysis was
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performed microscopically with special interest
in the sperm concentration, percent motility,
and percent morphology. Based on the sperm
concentration/count according to theWHO criteria
(9), the overall samples were therefore grouped
into the following categories: normospermia: ≥ 15
million sperm cells/ml semen; oligozoospermia:
≤ 15 million sperm cells /ml semen; and
azoospermia: absence of sperm cells in the
ejaculate. Thereafter, samples were centrifuged
and the supernatant seminal fluid was separated
into another clean and sterile plastic container.
The seminal fluid plasma was then stored at -20°C
prior to the assay of measured variables within
two weeks.
Furthermore, the seminal fluid 8-hydroxy-2’-
deoxy-goanosine (8-OHdG) was determined
using enzyme-linked immunosorbent assay
(ELISA) technique, while the total antioxidant
status (TAS), superoxide dismutase (SOD),
and malondialdehyde (MDA) were assayed
by ELISA (Elabscience, Texas, USA) and
spectrophotometric methods (North-West Life
Science Specialties, Canada).
2.5.2. Assay of 8-OHdG (Elabscience,
Texas, USA; catalog number: E; EL0028)
Principle
The ELISA kit uses the Comparative-ELISA
principle. Themicrotiter plate is pre-coatedwith an
antigen specific to 8-OHdG. During the reaction,
the 8-OHdG in the sample or standard participates
with a fixed amount of 8-OHdG on the solid phase
supporter for sites on the biotinylated detection
antibody specific to 8-OHdG. After a fixed period
of reaction, horseradish peroxidase (HRP) and
substrate solution are added and incubated. A
color change develops and the absorbances
are measured by the microplate reader. The
concentration of the 8-OHdG in the sample is then
determined by extrapolation from the standard
curve.
2.5.3. Total antioxidant capacity (total
antioxidant capacity T-AOC colorimetric
assay kit [ABTS, enzyme method]
Elabscience, Texas, USA; catalog number
E-BC-K219-M)
Principle
The principle of the ABTS method for the
assay of T-AOC is as follows. ABTS is oxidized
to green ABTS+ by certain oxidant, which can be
inhibited if there exist antioxidants. The T-AOC
of the sample can be assayed and calculated by
reading the absorbance of ABTS+ at 414 nm or
734 nm. Trolox is an analog of VE and has a similar
antioxidant capacity as that of VE. Trolox is used as
a reference for other antioxidants. Upon addition
of the specimen, available antioxidant species
present scavenge for ABTS+, after a certain
reaction time, the amount of ABTS+ remaining is
measured and expressed as Trolox equivalent.
2.5.4. SOD ELISA kit (Elabscience;
catalog number E-EL_H 1113)
Principle
The assay method is based on the Competitive
ELISA principle. The micro ELISA plate provided
in the kit is pre-coated with human SOD1. During
the reaction, human SOD1 in the sample or
standard competes with a fixed amount of human
SOD1 on the solid phase supporter for sites on
the biotinylated detection antibody specific to
human SOD1. Surplus conjugate and unbound
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sample or standard are washed from the plate,
and avidin conjugated to HRP are added to
each microplate well and incubated. Then, a
TMB substrate solution is included to each well.
The enzyme-substrate reaction is stopped by the
addition of stop solution and the color change is
read spectrophotometrically at a wavelength of
450 nm± 2 nm. The concentration of human SOD1
in the samples is then measured by comparing
the absorbanceof the samples to the standard
curve.
2.5.5. MDA assay kit (NWLSS, Canada)
Principle
This assay is based on the reaction, n of MDA
with thiobarbituric acid (TBA), forming a MDA-
TBA2 adduct that absorbs strongly at 532 nm.
2.6. Ethical considerations
All included participants were informed about
the nature of the study and informed consent was
obtained prior to the specimens were collected.
The study protocol was reviewed and approved
by the Edo State Ministry of Health, Benin City
(Reference number: HM.1208.355; dated: October
26, 2017).
2.7. Statistical analysis
Data generated from the study were compared
between the groups using the analysis of variance
(ANOVA) by statistical software SPSS version
21 (SPSS Inc., Chicago, IL, USA). Post hoc
comparison was done using unpaired Student’s t
test. Pearson’s correlation coefficient was used to
associate 8-OHdG with measured sperm indices.
A p-value ≤ 0.05 was considered as statistically
significant.
3. Results
No statistically significant differences were
seen in age and semen volume between
groups. The sperm concentration, motility and
morphology percentages were significantly
higher among normospermia than oligospermia
(p = 0.01) (Table I). Table II shows the comparison
of measured variables among studied participants
and also indicates the post hoc multiple
comparison of measured variables. The mean
levels of 8-OHdG and MDA in normospermia,
oligozoospermia, and azoospermia groups were
significantly higher (p = 0.01) in the studied
participants than the control group. The mean
levels of 8-OHdG and MDA were higher among
azoospermia than oligospermia and least in the
normospermia. Conversely, the levels of TAS
and SOD were significantly higher (p = 0.01)
in the control group than the normospermia,
oligozoospermia, and azoospermia infertile
males. The mean levels of TAS and SOD
were lowest among the azoospermia than
the oligospermia and least in the normospermia.
A significantly higher (p = 0.01) level of TAS was
observed in the control group in comparison
with the normospermia, oligozoospermia, and
azoospermia groups. In the same vein, the
mean value of SOD was significantly higher
(p = 0.01) in the control group compared with
the normospermia, oligozoospermia, and
azoospermia infertile males. Seminal plasma
8-OHdG levels correlated negatively with sperm
count (r = -035, p = 0.01), percent motility (r =
-0388, p = 0.04), and percent morphology (r =
-0.327, p = 0.02) (Table III).
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Table I. Comparison of measured sperm indices in studied participants
Variables Azoospermia (n = 20) Oligospermia (n = 30) Normospermia (n = 20) Controls (n = 30) P-value
Age (Yr) 37.2 ± 0.8𝑒 36.8 ± 1.1𝑒 37.3 ± 0.9𝑒 36.6 ± 0.9 0.91
Concentration (106/mL) 0.00 ± 0.00 5.38 ± 0.40𝑏 97.5 ± 14.0𝑒 98.44 ± 13.89 0.01
Total motility (%) 0.00 ± 0.00 37.8 ± 4.6𝑏 68.10 ± 3.50𝑒 67.00 ± 3.90 0.01
Morphology (%) 0.00 ± 0.00 2.92 ± 0.03𝑏 3.84 ± 0.01𝑏 4.75 ± 0.02 0.01
Volume (mL) 3.00 ± 0.28𝑒 3.16 ± 0.2𝑒 3.41 ± 0.2𝑒 3.4 ± 0.28 0.86
Data are expressed as Mean ± SD, (ANOVA) was used for multiple comparison of measured variables, 𝑏P = 0.01, 𝑒P > 0.05
Table II. Comparison of markers of DNA damage, oxidative stress, and lipid peroxidation
Subjects 8 OHdG (ng/mL) TAS (nmol/μL) SOD (U/mL) MDA (mmol/mL)














37.38 ± 3.50𝑒, 𝑏
(95%, 31.4, 44.4)














1.48 ± 0.24𝑏, 𝑒
(95%, 1.0, 1.8)
45.91 ± 2.46𝑏, 𝑎
(95%, 40.2, 48.7)
P-value 0.01 0.01 0.01 0.01
Data presented asMean± SD. Values in parentheses are confidence intervals. ANOVAwas used to comparemultiplemeasured
variables𝑎P = 0.03, 𝑏P = 0.01, 𝑐P = 0.02, 𝑑P = 0.05, 𝑒P > 0.05, 8 OHdG: 8-hydroxyguanosine, TAS: Total antioxidant status, SOD:
Superoxide dismutase, MDA: Malondialdehyde
Table III. Correlation of 8-OHdG with measured sperm indices
Measured semen parameters Seminal fluid levels of 8-OHdG (ng/mL) Correlation coefficient (R-value) P-value
Sperm count (×106 cells/mL)
>15 3.54 ± 0.37
≥5-14.9 4.09 ± 0.71
<5 4.76 ± 0.40
-0.360 0.01
Motility (%)
≥40% 3.58 ± 1.37
<40% 4.76 ± 0.60
-0.388 0.04
Morphology (%)
≥4% 3.48 ± 0.62 0.327 0.02
<4% 4.76 ± 0.81
Data presented as Mean ± SD Pearson’s correlation coefficient was used, 8-OHdG: 8-hydroxy-oxo-guanosine
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4. Discussion
The routine laboratory evaluation of males who
failed to achieve conception naturally for one or
more years includes at least two semen analyses
for sperm count, percent motility, and percent
morphology in order to establish the reproductive
potential of the subjects. Assessment of markers
of sperm DNA damage, oxidative stress, lipid
peroxidation, and SOD activity are not routinely
done even though their roles in male infertility are
recognized (17-19).
The results from this study indicate that there
is an evidence of oxidative DNA damage, higher
lipid peroxidation, lower levels of measured
antioxidant parameters among infertile males
investigated for infertility, including among those
whose sperm concentration was within normal
reference range. The mean levels of 8-OHdG
and MDA in infertile subjects increased from
normospermia to oligospermia and azoospermia
subjects. Conversely, the mean levels of TAS
and SOD were significantly lower in infertile male
than fertile control male subjects with levels
decreasing from normospermic to oligosermic
and azoospermic among infertile male subjects.
Seminal 8-OHdG levels correlated negatively
with sperm count, percent motility, and percent
morphology in the study participants.
The observation of significantly higher 8-OHdG
levels among infertile males than controls is
consistent with previous studies (3, 20). Zini and
colleagues reported that sperm DNA damage
significantly correlated with abnormal sperm
indices which were significantly higher in infertile
males (25-27%) than their fertile counterparts
(10-13%) (3). Similarly, it was observed that total
sperm DNA damage (by Comet assay) correlated
with sperm count, percent motility, and percent
morphology among infertile males (20). Evgeni
and co-authors also reported inverse correlation
between the marker of DNA fragmentation and
sperm indices in relation to fertility status in a
Greek population (21). The possibility of achieving
pregnancy naturally decreases with increasing
levels of sperm DNA damage (22, 23). Among
women undergoing in vitro fertilization (IVF)
procedure, the rate of fertilization was reported to
decrease from 58% to 38% (24). The evaluation of
the extent of DNA damage in seminal plasma is
imperative in order to predict fertilization rate and
the risk of pregnancy outcome. Significantly
higher sperm DNA damage was reported
among oligoasthenoteratozoospermia than
normozoospermia group (20).
Our group previously reported elevated levels
of apoptotic markers among oligozoospermic
infertile males in Zaria, Nigeria (24). The high
apoptotic activity that takes place in seminal
fluid of infertile males may help to explain the
relationship of high sperm DNA damage with poor
sperm indices.
The seminal plasma level of 8-OHdG increased
with severity of sperm defects and count. Similar
finding was reported which indicated that the
incidence of abnormal morphologic defects has
a significant relationship with abnormal chromatin
structure and DNA strand breaks (25).
While the levels of TAS and SOD activity
decreased with severity of measured sperm
indices, the MDA levels increased with severity
of defect in sperm parameters. It was reported
that oxidative stress which causes sperm DNA
damage also exacerbates lipid peroxidation of
sperm plasma membrane. This may ultimately
lead to structural and functional damage in the
sperm cells (26). Increased oxidative stress can
negatively affect sperm motility by damaging the
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axonemal architecture and/or reducing the intra-
cellular adenosine triphosphate levels.
Sperm DNA damage that has been correlated
with high levels of ROS play an important role in
male factor infertility and adversed reproductive
outcomes (27). At low levels, ROS play an
important role in sperm growth, development and
functions such as capacitation and the acrosome
reaction. Seminal plasma contains antioxidants
that help to safeguard sperm DNA. However,
when an elevated amount of ROS is generated
beyond the antioxidant capacity, sperm DNA
damage may occur (28). It has been suggested
that sperm DNA integrity may be a potential
predictor of male fertility than routine semen
analysis. This finding has supported the fact that
the sperm of infertile men contain more DNA
damage than fertile men and that this sperm
DNA damage may have a negative effect on
fertility potential of such subjects (2, 3). The
central role of oxidative stress in the etiology of
sperm DNA damage cannot be overemphasized.
These findings further point to the harmful
role of oxidative stress in the etiology of male
infertility.
The origin of ROS in semen includes leukocytes
and the sperm themselves, particularly immature
sperm with cytoplasmic retention and abnormal
head morphology distinguished by retention of
residual cytoplasm (29). Both leukocytospermia
and retention of residual cytoplasm within sperm
have been linked with increased sperm DNA
damage probably secondary to increased ROS
level produced by these cells (30).
Similarly, the significantly higher levels of
MDA observed among the oligospermia and
azoospermia than controls may further point
to higher levels of lipid peroxidation among
these groups of infertile males. ROS bombard
all major classes of biological molecules, mainly
the polyunsaturated fatty acids (PUFA) of cell
membranes. The oxidative damage of PUFA,
known as lipid peroxidation, is particularly
destructive, because it proceeds as a “self-
perpetuating chain reaction” (31).
The significantly higher levels of TAS and SOD
in control group imply an optimal antioxidants
activity resulting in scavenging of sperm-specific
ROS and ultimately protecting the spermatozoa
from oxidative alterations. Mature spermatozoa
are susceptible to oxidative attacks because
the membranes are rich in PUFA that are easily
oxidized by ROS. When oxidized in the presence
of excess ROS, these PUFA would amplify the
generation of ROS in a vicious oxidative stress
circle leading to both cellular and DNA oxidative
alterations (32, 33). In addition, superoxide
dismutase known to be the most important
antioxidant enzyme and a strong scavenger of
ROS has been reported to be produced by the
Leydig and Sertoli cells in the testis (34).
5. Conclusion
Seminal plasma levels of 8-OHdG and MDA
were significantly higher in infertile subjects than
controls. The mean levels of 8-OHdG and MDA
in infertile subjects increased with increased
abnormality of measured sperm parameters
from normospermia to oligozoospermia and
azoospermia. On the other hand, the mean levels
of TAS and SODwere significantly lower in infertile
male than fertile control male subjects with levels
decreasing with increased abnormality of sperm
indices. Seminal plasma 8-OHdG correlated
negatively with sperm count, percent motility, and
percent morphology. The assessment of sperm
DNA damage in addition to routine seminal fluid
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analysis may play an important role in specific
diagnosis and management of male infertility.
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